We find that a universal parameter exists in the local two-photon bleaching model of phase grating formation that reduces the coupled partial differential equations describing the system to ordinary differential equations. We use these equations to prove that there exists a fixed point of the grating growth process that corresponds to a perfectly phase-matched grating and that it is stable.
Since the first discovery of self-organized grating formation in optical fibers by Hill et al., 1 considerable efforts have been directed toward elucidating both the microscopic origin of the grating formation and the phenomenology of its dynamics. Although the former is far from clear, there is some experimental evidence 2 that the dynamics of grating formation by visible light can be understood as following from a local two-photon bleaching model, d e(z, t) a 1 2 (z, t), at (1) at least for early times. Here E(z, t) is the effective dielectric constant at a point z along the fiber, and I(z, t) is the intensity at that point.
In a recent publication 3 we showed that relation (1) leads, for the usual experimental geometry, to a prediction of almost perfectly phase-matched grating growth. Further, the predicted growth appeared to correspond to a fixed point of the dynamical process of the system. In this Letter we show that, in homogeneous models of the form of relation (1), there exists a universal parameter that makes it possible to transform the coupled partial differential equations that describe the grating growth and the state of the electromagnetic field in the fiber into coupled ordinary integro-differential equations. This of course vastly simplifies the task of calculating the grating growth. Moreover, describing the dynamics in terms of this universal parameter, we show that the previously discussed fixed point does exist, that it is the steady state of damped harmonic oscillator equations written in terms of only the grating variables, and that it is stable.
The usual internal writing geometry is shown in Fig. 1 , and the model equations have been derived and discussed earlier. 2 3 The effective dielectric constant is written as
where k = Gsn 2 /c, n 2 is the initial uniform effective refractive index in the fiber, Co is the frequency of the incoming light, e 2 (z, t) > 0, and eo and e 2 are taken to be real. Putting the electric field 
Equations (3) must be solved subject to boundary conditions at z = 0, L. Since no light is incident from z = -0o, the first relation of Eqs. (3) gives simply
and the second relation gives
where tj =_ 2ni/(ni + nj), rij_ (ni -nj)/(ni + nj),
and Eim is the incident field at z = L', assumed to be constant for t > 0. Finally, putting I(z, t) = IE(z, t)J 2 into relation (1), we find that
where as before we have neglected the non-phase- matched terms, and the constant of proportionality implicit in relation (1) has been absorbed, in magnitude and dimension, into the time parameter t.
Equations (6) are subjected to the initial conditions
where the initial condition on 4 is chosen for later convenience. Equations (3)- (7) fully define the problem that we now address; we make no further approximations.
The solution of this set of coupled partial differential equations is facilitated by the introduction of new variables to define the state of the electromagnetic field. We put
If Si, S2, and s 3 are specified at a given (z, t), then U(z, t) may be determined except for an overall phase factor. We identify the solution of Eqs. (3)-(7) in terms of the s's. We begin by using Eqs. We next define a new variable a,
Jt
'r=f S3 2(tF)dt', (9) and look for an evolution of the grating field and the electromagnetic field of the form
is only a function of x. Then, for Eqs. (3) to be satisfied, we require that
Finally, we find that Eqs. (6) are satisfied if
(15)
So we see that fields of the form of Eqs. (11) indeed describe a solution of Eqs. (3)- (7) as long as Eqs. (14) and (16) as the initial condition to be used in solving Eqs. (14). The problem of solving the coupled partial differential equations (3) and (6) has been replaced by the problem of solving the four ordinary, integrodifferential equations (14) and (16). The functions with overbars can be determined numerically and are independent of both the length of the fiber and and the index n 3 , since only the boundary condition (4) has been used. To determine sW(t) and thus complete the determination of the fields in Eqs. (10) and (11) With this in hand, all physical quantities of interest can be calculated. For example, the transmission of the fiber is given by To see qualitatively how the state of the grating in the fiber evolves, we study the evolution of the parameters 71(x) and fT(x), where
o-(Z, t) = T&(X),

K(Z, t) = TK(X),
4(Zt) = +(X),
with the second equality following from the forms of Eqs. (11). In a manner similar to the derivation of neglected. In summary, we have shown that the dynamics of grating formation in the model of relation (1) is described by a universal parameter. At each point in the fiber the grating state, specified by -q and A [Eqs. (13) and (22)], goes through the same history but at a different rate. The dynamical process approaches a fixed point corresponding to a perfectly phase-matched grating, with the region of the fiber near the input moving faster toward that attractor than the regions further away. Although we do not have space to treat the case of a more general homogeneous model than relation (1) , it can be shown that such universality occurs there also.
